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!• Introduction 


This quartorly report » on Nagsat Data Invaatlgation M>004y covers the 
period October 1 through Decenber 31» 1981* 

2< Problems 

No new problems were encountered during the last three months* 

3* Accomplishments 

A* The Initial description of the Magsat scalar anomaly pattern for 

Africa has been Improved upon, primarily from rhe Initial comparison 
of Magsat anomalies with models of possible causes of sum anomalies* 
Preliminary vector anomaly maps were received from the Magsat 
project scientist, and were given an Initial analysis, through the 
modeling emphasised scalar anomalies* 

B* A working edition of the geological map of the world on one sheet has 
been completed (see Section 3E In the quarterly report of 
September 30, 1981), on the Mercator projection* Preparation of the 
map In this projection and In the van der Grlnten projection 
continue* 

C* Initial tectonic correlations of Magsat scalar anotaalles have been 
begun, using the above mentioned map* 

D* Several possible causes for the east-west striping of the Magsat 
r.nomaly maps are being studied* 

Accomplishments A, B, and C above are In progress* Significant results 
will be discussed In tb*. next quarterly report* Significant results of D 
above are discussed below in Section 4* 
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4. Significant Results 


Seven poeelble causes for the east'*west banding on the Magsat anoaaly laaps 
are being considered: 

A* The field nodel that was used for core-crustal separation of 
geonagnctlc anoaalles may be Inadequate for that purpose* The 
core-crustal separation was made on the assumption that relatively 
short anomaly wavelengths are caused exclusively by sources lying 
above the Curie point isotherm In the lithosphere (disregarding any 
sources from outside the solir evrth)* Long anomaly wavelengths were 
considered to be caused primarily by sources related to a 
hypothesised geomagnetic dynamo In the core (while recognising that 
some long anomaly wavelengths are likely to be caused by regional 
variations In lithospheric susceptibility and In depth to the Curie 
Isotherm)* 

As this Investigator remembers the procedure for the selection 
of the wavelength used to separate "long" from "short'* wavelengths, a 
power spectrum (power vs* degree and order) Is plotted for Magsat 
data of degrees/orders through 80 or so* This plot showed a 
relatively slight decrease In power with Increasing degree/order for 
longer wavelenghts, and a more rapid decrease for shorter 
wavelengths, such that two line segments could be "fit” to short- and 
long-wavelength portions of the plot* There was some ambiguity over 
the exact location of the crossover point, where there seemed to be 
significant contributions from deepeer and near-surface sources In 
the range of 13th-17th degree/order* A 14th degree/order separation 
was chosen for the production of anomaly maps* However, this 
ambiguity suggests that the transition may not be so sudden, and that 
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•nonaly aapa with 13th, 15th, 16th, and 17th ordar aaparatlona would 
ba worth invaatigating for thalr rapraaantatlon of aaatnioat banding- 

B* Soaa axtamal**flald noiaa la thought to ramain in tha availabla aapa- 
Thara alraady haa baan aoaa diacuaaion of thia problaa by apacialiata 
In thia aubjact* 

C* Thara aay ba aignlf leant aaat*^at tranda of cruatal uplift and 

depraaalon that contributa to tha banding of tha anomaly aapa- For 
axaapla, tha following faaturaa hava an approxliiately aaat-waat 
trend: the Hanalayan-Alpine Uplift and the major petroleum rich 

aedimentary baaina that flank this uplift to the south in North 
Africa and the Persian Gulf, the adjacent and parallel west*^ast 
trend of uplift in Africa (Reguibut Shield, the Ahaggar and Tlbesti 
Uplifts and the Arabian Shield), flanked to the south by the Senegal, 
Taoudenl, Niger, Chad and southern Sudan Basins, flanked to the south 
by the West African and Central African shields* Major oceanic 
features that trend predominantly east-west Include the Aleutian 
Island arc, the Greater Antilles, the Indonesian Archipellago, the 
Scotia Ridge, the Southeast and Southwest Indian Ocean Ridges, the 
Pacific Antarctica Ridge, and the Challenger Seamount Chain* Though 
there nay be no more east-west trending tectonic features than there 
are features with other orientations, the Magsat data collection (and 
anomaly map preparation) process tends to enhance such features* 

D* East-west trends to convection patterns in the mantle may contribute 
to the anomaly nap* Although velocities of convecting materials nay 
be low, the numbers of moving charges (convecting Ions) nay be large 
enough to produce a magnetic field measurable by Magsat, and of short 
enough wavelength to remain In the anomaly nap after removal of the 
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"cor« field*" Convection petterne nay alto contribute to the 
pattema of uplift and deproaalon Juat dlacuaaed* 

E* There nay be algnlf leant eaat-veat banda of cruatal materlala of 

alallar netaaorphlc grade* Hlgher~gradea of aataaorphlaa often are 
conaldered related to greater nagnetlta contanta of rocka» hence 
greater bulk auacaptlblllty of the rocka* Umeetaaujrphoaad aedloMnta 
tend to be virtually nonmagnetic* Convection and related heat-flow 
pattema are likely to affect regional aatamorphlc grade* 

F* Varlatlona In the depth of the Curie Isotherm night have algnlf leant 
eaat-weat banding* Varlatlona In the thickness of the column above 
the Curie Isotherm affect the bulk magnetisation of the lithosphere* 
The Interactions of east-west trends In heat flow, tectonic 
provinces, rock types, and lithospheric thickness would likely 
reinforce each other In the east-west banding of variations In depth 
to the Curie Isotherm as well as the variation of magnetic 
susceptibility above the Curie laotherm* However, the tendencies 
toward banding might be toward, for example, a deeper Curie laotherm 
and a lower susceptibility for a sedimentary basin vs* a shallower 
Curie Isotherm and a higher susceptibility for an orogenlc belt* 
Thus, the effect of greater or lesser depth to the Isotherm tends to 
be partially cancelled by lesser or greater (sic) susceptibility In 
many areas* 

G* The data processing techniques used to overcome the absence of tie 
lines, and the north-south orbital path of Magsat, would tend to 
magnify east-west trends* This topic has been discussed by several 
people at Hagsat Investigator's meetings* 
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5* Publications 


Sone of the copies of my last quarterly report omitted parts of the 
abstrsets "A look at the Magsat anomaly map, emphasising Africa" Parts I and 
II. To ensure thac cmsplete abstracts are received by each person on the NASA 
distribution route for Magsat reports, I attach complete abstracts with this 
report. 

The status of publications related to this investigation is unchanged, 
except for one oral presentation: 

Interpretation of the preliminary totaWield Magsat anomaly map. 
Geological Society of America Annual Meeting, Cincinnati, November 2, 1981 
(published In GSA Abstracts With Programs, v. 13, p. 469, 1981). 

and for one manuscript currently In USGS and Journal review: 

A first look at the Magsat scalar anomaly map for Africa, Intended for 
Geophysical Research Letters. 

6. Recommendations 

RecoiuBendatlon A of my last quarterly report was taken care of during this 
last quarter. Recommendation (request) B, for the provision of the grldded 
data used to make the anomaly maps, has not been responded to since the 
Initial offer to provide such data last May. 

My additional "recommendations'* have to do with investigating the possible 
sources of the east-west bsndlng discussed In Section 4 above. 

The first of these problems (A) might be Investigated by looking at 
different degrees/orders for the core-crustal separation. The second problem 
(B) Is better Investigated by specialists In the earth's external field. 
Problems three through six (C-F) might be Investlgatable by modeling, though 
these possible causes nay be difficult to resolve because of their likely 


Interrelationship. 
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ProblcB ••v«Q (G) Bi.grt b* «ll«viat«d by act«^>ting to find usabl* datn 
from the ascendi:^ (south** .o^north) half of aach orbital track of Magaat, or 
by conducting a follow-on a ^alon with a dlffarant orbital inclination to tha 
equator* Daaplta tha lower quality of auch data dua to a laaaer constancy of 
tlna of R'^aouraMnts» thasa tachnlquas would halp to tla togathar adjacent 
tracks with haro data Instead of not->so~‘*hard'* processing tschnlques* A 
third, sore Imeillataly practical, alternative would be to use tha tether 
nagnetotMtar In *ha space a* uttla tc provide tie lines (or, at least, to 
provide sons lelatlvely east-west profile data) for Investigation* 


7 * F unds Expend^*' Oct o‘ f 1 - PeceBber 31. 1981 
Salaries 


D* A* liesclnf.s. Principal 1.^/estlgator 

220 0 $l3/hr* 

$2,860*00 

G* Walvatne, Intern 

16 0 $6/hr* 

96*00 

Secretarial 

8 0 $4* 50/hr* 

36*00 



$2,992*00 

Enployee benefits (12Z of direct labor) 


359.04 

Labor subtotal 


$3,351.04 

Overhead (60Z of labor) 


2.010.62 

Labor total 


$5,361.66 

Materials 



1. CustoB laboratory InterlB photographic 

products 

$1,490.00 

2* Landsat Inagery (1 computer coBpatlble 

tape 0 $12*00) 

200.00 


$1,690*00 


Travel 

Geological Society of Aaerlca, paper presentation, 
consultation with specialists attending the aeetlng. 


Novenber 1981 
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$ 764*56 


Othr 


1. liROS Data Cautar Data Analyais Laboratory 

10 hours 9 $12S/hr* $1,250*00 

2* Offlca Suppllas 10*00 

$1,260*00 

Subtotal $9,076*22 

Gantral and Adainlstrativa (13*3Z) 1,207*14 

Grand Total $10,283*36 

8. Data Utility 

I have no new coments on this topic at this tlM* 
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ATTACBMBMT lA 


A LOOi AT THE FHSLIHUIAnr HA68AT AMOHALT MAP» EMPHASIZING APHICA: 
I. ARE THE ANOMALIES SIONIFICANn 


D. A. Hattiagt . . 

Tcchaicelor Graphic Sanricaa* Iae.<^ 

EROS Data Caatar 
Sioux Falla, South Dakota S719S 

ABSTRACT 

Tha praliaiaary acalar aaoaaly sap froa tha aagaatic fiald aatallita 
(Hataat) data eloaaly raaaablaa tha aap froa Polar Orbitiag Gaophyaical 
ObaarvAtory (POGO) data, although tha Magaat aaoaaly aap showa coaaidarably 
graatar datail. Highlighta ovar tha Africaa Coatiaaat iacluda tha raaolutioa 
of tha Uaat Africaa Cratoa iato ita auclaua, tha Taoudaaai Baaia*Saaagal 
Baaia, aad tha traaaitioa froa tha Raguibat Shiald to tha Tiadouf Baaia; tha 
groi^iag togathar of tha Ahaggar aad Tibaati Plataaua aa wall aa tha dapictioa 
of tha partial braachiag of thia groupiag by tha Hurxuk Baaia; tha aadiaaatary 
baaiaa batvaaa the Atiaa Mouataiaa aad the Ahaggar; tha triple "bulla-eyaa" 
apparaatly cauaed by tha Baaua Trough, tha Coago Baaia, aad the baad of high** 
grade Archaaaa aataaorphic ahiald rocka ruaaiag froa the Ceatral Africaa 
Republic to CaaerooB aad Gabon (coaaonly referred to aa tha "Bangui aaoaaly"); 

the coaatal baaia of Hozai^iqua; and the Earroo Baaia. Offahore featurea 

repreaented oa the aaoaaly aap iacluda tha Agulhaa Plateau aoutheaat of tha 
Earroo Baaia, the Indian Ocean ridge ayataa, the naar-coaatal (caat*weat 
trending) aegaent of the Valvia Ridge, and (to a leaner extent) ether tectonic 
featurea of the Atlantic Ocean. Indeed, alaoat all of the aajor tectonic 

featurea of Africa on a acale reaolvablc by the Magaat aatellite appear clearly 


-^Vork perforaed under U.S. Geological Survey Contract No. 14*08-00 164390. 


ATTACmOEMT lA (coat.) 
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on thn aap. Notable oxcoptions arc tba last African Sift ayataa and the Atlaa 
Mountaina. Daapita aoM uncartaintiaa about apparent bandint ia tbe prelialaarp 
anoaaly sap, tbe scalar anoaaly patterns over Africa appear to represent aejor 
tectonic features on tbe continent. 


2 


ATXACmmiT IB 


A LOOK AT TKB PKKLIHIXAXT MA08AT ANOHAIT HAP, KHPHABZZXlfO AIKICA: 

II. AM ZMITIAL DZ8C088I0II 


D. A. Mattlot* 1/ 

Taetaaieelor OraplU.c S«rTic«s, lac.-' 
EMOB DfttA Cttfiter 
Sioux Falls, Seucli Dakota S719S 


AB8TXACT 

Zl Africa, aa alaawkara, tha praliaiaary Hagaat aaoaaly aap tooda to 
aaphaaixo oaat-voat traadiag tactooic faaturas and to aubduo oortk-aouth 
trandiof faatucaa. For axaapla, tha aorth*aouth Eaat Africao Rift ayataa ia 
oot dapictad by closad anoaMliaa othar thaa a waak aaoaaly at tha aorthaaatara 
coraar of tha Maditarraaaaa Saa uhich corraapoada to tha aorthara aad of the 
ayataa. Oa tha othar haad, tha aaat*vaat Karroo Basia is wall dapictad by a 
aagatiwa aaoaaly. This offset is axpactad, as tha graatast aat aagaatisatioa 
of cniatal bodfaa occurs aloag the sides of aasl*wast traadiag bodies, aad at 
tha aada of aorth'south traadiag bodies. Aaothar possible coatributiag factor 
to tha eaphasis oa aast-waat traadiag features aight be tha lack of aast*wast 
tie liaaa ia tha aorth-south orbit of tha satallita, coupled with filteriag of 
the data oaly aloag*track. 

lo tha aorthara part of tha asp for Africa, uplifted Archsaao-Proteroaoic 
shields tead to be associatad with aagatiwa residual Hagaat aaoaalies. Sediaaatary 
baaiaa tead to be associatad with positive aaoaalias. Tha reverse is geaerally 
true south of tha equator. Exceptioas to these associatioas are the Raguibat 
Shield'Tiadouf Basia area, which is act fully resolved oa tha saoaaly aap, aad 
the bora of Africa where a aegativa aaoaaly covers tha oashora aad offshore 


-^Work perfonied under U.S. Geological Survey Coatract No. 14-OB-OO 1*16439. 


ATTACHMENT IB (cont.) 


SoBAli Basin. One intriguing, and as yet unexplained, observation is that the 
reversal in polarity of nagnetic anoaalies for given types of features occurs 
at about lati*->ide 10* S. (Cabinda to central Madagascar), whereas the nagnetic 
equator lies at about latitude 10* N. across Africa. 

The sain sources of Magsat anonalies appear to be older Precanbrian 
shields, and sedinentary basins of various ages. The younger Precanbrian 
(pan*African) "nobile belts'* tend not to produce narked Magsat anonalies. 

Further interpretation awaits refinenent of the Magsat anonaly nap, which 
is now underway. 
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